Introduction
Under certain conditions such as thin liquid fills or in a low-gravity environment, surface tension variations along a free surface may induce convection, referred to as thermocapillary convection. Orbiting spacecraft such as the NASA space shuttle and Russian Mir space station have proven to be useful environments for studying thermocapillary phenomena, which are often masked by gravity under terrestrial conditions. Thermocapillary phenomena are important to potential microgravity technologies such as crystal growing and materials processing applications as well
as terresWial applications such as coatings and drying processes. Onset of thermocapillary convection in the form of an extended Marangoni-Benard problem remains an active topic of study, in part due to its relative simplicity in terms of a motionless basic state and constant (or time periodic)• The popularity of such models also stems from the understanding and insight they have provided to a broad range of physical phenomena ( Pimputkar and Ostrach, 1981 , Ostrach 1982 , Davis 1987 , Legro et. al, 1990 , and Kochmeider 1993 . Onboard space platforms the effects of vibration or g-jitter on thermocapillary systems is of particular concern (Nelson, 1991) , although parametric excitation may also be of interest for terrestrial processes. With the question of g-jitter in mind, we focus on perhaps the simplest class of thermocapillary problems, the Marangoni-Benard problem, and consider how a fluid layer responds to time periodic accelerations or gravity modulation, which are imposed in the direction of the basic temperature gradient. Gershuni and Zhukhovitskii (1963) and Venezian (1969) In this paper, parametric excitation of an unbounded fluid layer with surface tension variation along the free surface is considered and Floquet theory is applied to examine the stability of the modulated system. We initially focus on the gravity modulated The disturbance equations are reduced to a set of N ordinary differential equations, ODE's, using a spectral (Chebyshev) collocation scheme. Floquet analysis is applied to examine the stability of the system ofODE's (Meirovitch 1970, and Joseph 1976) . The monodromy matrix is computed by integrating the N set ofODE's N times. Floquet multipliers, pj, which are the eigenvalues of the monodromy matrix are then computed, and the characteristic exponents, _1, which determine the stability of the system are related to the Table 2 . Physically, the double minima suggest possible occurrence of mode switching where the cellular (or roll) pattern alternates between two cell or roll sizes dictated by the two different wavenumbers. Such a process would be easily observed given the large difference in the two wavenumbers associated with each of the double minima in Table 2 . Fig. 6b . The appearance of the synchronous and subharmonic instability regions is qualitatively different from the modulated RayleighBenard problem observed in Fig. 6a. In Fig. 6c , multiple regions of stability exist that engulf each of the subharmonic instability f'mgers, and a single region of synchronous instability, the fundamental instability, surrounds the multiple stable regions. In all plots in Fig. 6a,b ,c, regions of alternating subharmonic/synchronous instability occur and are separated by regions of stability.
Results For The Double Diffusive Fluid Layer
The large parameter space associated with the gravity-modulated doubly-diffusive Marangoni instability problem poses a serious challenge to a full characterization of such systems. 
Stability Boundaries For Unmodulated Double Diffusive System
For the unmodulatod double diffusive problem, oscillatory (diffusive) neutral stability associated with a Hopf bifurcation is possible, in addition to the stationary (f'mgering) instability resulting from an exchange-of-stabilities that typically occurs for the singly unmodulated Benard problem. Modulated behavior also differs depending on the nature of the unmodulated instability, oscillatory or stationary. Therefore, we first compute stability boundaries for the unmodulated double diffusive problem using a normal mode analysis and use these results to choose parameter values that yield the desired behavior i.e. stationary or oscillatory.
Stability boundaries are shown in (Ms=,Ma_) space in Fig. 7 for the parameter set (Pr,_=,Ra, gs,Nu, Sh) with values (10,0.1,500,-500,0,0). The Pr value is representative of water-alcohol or thermohaline systems, although, _u for such systems is normally in the range, 10"3to 10 "2. The shape of the stability boundaries is also characteristic of double diffusive systems with the small _= values (Legros 1990, Ten'ones & Chert 1993, Skarda et. al. 1998). A codimension two point, represented by the intersection of the oscillatory and stationary boundaries occurs at the point, (Ms_,Ma_)= (-9.0, 88.6). To the left of the codimension two point, the transition from stable to unstable behavior occurs via a Hopf bifurcation and oscillatory neutral stability behavior is observed. To the right of the co-dimension two point exchange of stability is observed resulting in the presence of stationary neutral stability boundary. Frequencies, _.i_, and critical wavenumbers, ctc, associated with the oscillatory stability boundary are shown in the insert of (=nsart ,_owsvariaOon of_ncy, _, andwaveur_, _
Gravity Modulated Double Diffusive Layer
For the parameter values we chose that correspond to the stationary (fingering) instability, Z_ = 0, the modulated stability behavior is similar to the singly diffusive results discussed in the previous section. However, for parameter values corresponding to oscillatory (diffusive) behavior, _.,, O, of the unmodulated system, a rich variety of behavior is possible along the neutral stability curve. Only results for parameter values corresponding to oscillatory behavior are presented below. The effect of frequency modulation on neutral stability curves is shown in Figs. 8a, and 8b . The elements of the parameter set (Pr, D,,, Ms, Ra, Rs, Nu, Sh, go) are chosen as (I0, 0.1, -700, 1000, -I000, 0, 0, 0) , which correspond to oscillatory neutral stability behavior of the unmodulated problem. The unmodulated double diffusive neutral stability curve is provided in Figs. 8 for comparison with modulated curves, and is represented by the dotted line. The corresponding frequency, _,=, values are shown in Figs.9a and 9b . The locations of the bifurcation points along the modulated neutral stability curves are tabulated in Table 3 . Quasiperiodic behavior occurs when _, and f_ are incommensurate. For the oscillatory region of the unmodulated layer, oscillatory behavior occurs, while a complicated temporal flow structure occurs for the quasiperiodic region of the modulated fluid layer in Figs The smallest wavenurnber, a, where _._m=5in Fig. 9a is   2 .76, which is a quasiperiodic to subharmonic bifurcation point given in Table 3 . Similar behavior occurs in Fig. 9b for _==2.5. 
Conclusions
The stability behavior for both the singly and (n is an integer value only). In (1/G,g0 space, the minimum g: necessary tO destabilize the layer was the result of subharmonic excitation and thus occurred at a modulation frequency twice the value of the unmodulated k_.
